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1
HEATED INFLATION SYSTEM

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to inflatable
evacuation systems. More specifically, the subject disclosure
relates to a heated inflation system.

A conventional inflation system for an aircraft evacuation
slide includes a compressed gas cylinder with a few mechani-
cal parts to regulate and direct gas flow to a slide system. The
compressed gas cylinder, also referred to as an inflation cyl-
inder, is sized based on evacuation slide performance require-
ments at an extreme cold temperature, e.g., —65 degrees F.
(-53.88 degrees C.). The compressed gas cylinder is typically
sized to provide a portion of the volume needed to inflate the
aircraft evacuation slide, with the remaining volume supplied
by ambient air pulled into the aircraft evacuation slide
through an aspirator. The size and weight of the compressed
gas cylinder is a significant contributor to the overall weight,
volume and pack density of a packed slide system.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect, a heated inflation system for an
inflatable device on an aircraft is provided. The heated infla-
tion system includes an inflation cylinder configured to hold
a gas mixture under pressure, a heating element configured to
selectively heat the gas mixture, and a temperature sensor
configured to sense a temperature of the gas mixture. The
heated inflation system also includes a control module
coupled to the heating element and the temperature sensor.
The control module is configured to regulate heat applied by
the heating element to the gas mixture based on a sensed
temperature from the temperature sensor.

According to another aspect, a method of controlling a
heated inflation system for an inflatable device on an aircraft
is provided. The method includes sensing, by a temperature
sensor coupled to a control module of the heated inflation
system, a temperature of a gas mixture in an inflation cylinder
of the heated inflation system as a sensed temperature. The
method also includes comparing, by the control module, the
sensed temperature to a set point value. The control module
turns on a heating element based on determining that the
sensed temperature is below the set point value, where the
heating element is configured to selectively heat the gas mix-
ture. The control module turns off the heating element based
on determining that the sensed temperature is above the set
point value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a heated inflation system
according to an embodiment;

FIG. 2 is aview of a heating element assembly according to
an embodiment; and

FIG. 3 is a block diagram of a control module of a heated
inflation system according to an embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary embodiments provide a heated inflation system
for an inflatable device, such as a slide, raft, or slide/raft
combination for use on an aircraft. As an aircraft can operate
in a wide range of temperature environments, inflatable
evacuation systems must also be operable over a wide range
of'temperatures. In an inflatable evacuation system that relies
upon an inflation cylinder, pressure within the inflation cyl-
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inder may decrease at lower temperatures which can reduce
the rate of inflation of the inflatable device. Heating gas
within the inflation cylinder and maintaining temperature
around a set point value that is close to a typical ambient
temperature can reduce the overall volume of gas needed to be
stored within the inflation cylinder to accommodate low tem-
perature conditions (e.g., —65 degrees F. (-53.88 degrees C.)),
and thus reduce size and weight associated with the inflation
cylinder. Accordingly, embodiments provide a heated infla-
tion system for an inflation cylinder in an aerospace environ-
ment.

FIG. 1 depicts an example block diagram of a heated infla-
tion system 100 according to an embodiment. The heated
inflation system 100 includes an inflation cylinder 102 con-
figured to hold a gas mixture 104 that is under pressure. The
gas mixture 104 can be a combination of carbon dioxide and
nitrogen gas blended at a ratio specific to requirements asso-
ciated with an intended installation environment of the heated
inflation system 100. Similarly, the inflation cylinder 102 is
sized according to requirements associated with an intended
installation environment of the heated inflation system 100.
The inflation cylinder 102 includes a regulator assembly 106
configurable to maintain a release pressure of the gas mixture
104 as it exits the inflation cylinder 102 to inflate an inflatable
device 108. Additional components (not depicted) can be
disposed between the regulator assembly 106 and the inflat-
able device 108, such as tubing, an aspirator, and other ele-
ments known in the art. The inflatable device 108 can be, for
example, a slide, raft, or slide/raft combination. The heated
inflation system 100 and the inflatable device 108 can be
installed in a packed slide system of an aircraft (not depicted).

A heating element 110 and a temperature sensor 112 may
be disposed within the inflation cylinder 102 to selectively
heat the gas mixture 104 and sense a temperature of the gas
mixture 104. The heating element 110 can be implemented as
one or more flexible heaters, such as polyimide heaters, sili-
cone rubber heaters, heating tape, or mica heaters. Alterna-
tively, the heating element 110 can be implemented as an
insertion heater, an immersion heater, a cartridge heater, or
other heater type known in the art. A control module 114 is
configured to regulate heat applied by the heating element
110 to the gas mixture 104 based on a sensed temperature
from the temperature sensor 112.

The heating element 110 and temperature sensor 112 can
be coupled to the control module 114 through a port 116 in the
inflation cylinder 102. In the example of FIG. 1, the port 116
is separately located from the regulator assembly 106. The
regulator assembly 106 may be located ata firstend 118 of the
inflation cylinder 102, while the port 116 is located at a
second end 120 of the inflation cylinder 102 opposite the first
end 118. Wiring the heating element 110 and temperature
sensor 112 through the port 116 rather than through the regu-
lator assembly 106 may enable use of an existing regulator
assembly 106 without redesign to support internal heating of
the inflation cylinder 102 and avoids obstruction of gas flow
out the inflation cylinder 102.

The control module 114 can also control a visual indicator
122 to provide a health status of the heated inflation system
100. The visual indicator 122 may illuminate a green light
when no fault is detected and a red light when a fault is
detected. The visual indicator 122 may be located in close
proximity to the inflation cylinder 102 or at a remote location,
such as within an aircraft cockpit and/or a flight attendant
panel (FAP).

The control module 114 may also be responsive to a reset
input 124 which can reinitialize the control module 114. The



US 9,150,462 B2

3

reset input 124 can be provided by a button, switch, or remote
command from an aircraft bus (not depicted).

A power module 126 receives and conditions input power
128 to power the control module 114. The input power 128
may be provided from an aircraft power bus or battery system
(not depicted). The power module 126 can also include a
battery backup 130 in case of loss of input power 128.

FIG. 2 depicts a heating element assembly 132 within the
inflation cylinder 102 of FIG. 1 according to an embodiment.
The heating element assembly 132 is installed in the port 116
of the inflation cylinder 102. The heating element assembly
132 may provide a metallic housing for the heating element
110 and the temperature sensor 112. The heating element
assembly 132 can be sized and positioned such that heat
produced by the heating element 110 is substantially centrally
concentrated within the inflation cylinder 102. Insulation
material 134 may be installed within the heating element
assembly 132 between the heating element 110 and the tem-
perature sensor 112 such that the temperature sensor 112 can
more accurately sense the temperature of the gas mixture 104
rather than the temperature of the heating element 110. The
heating element assembly 132 is designed to withstand inter-
nal temperature and pressure variations of the inflation cyl-
inder 102 while preventing leakage and reaction to the gas
mixture 104.

FIG. 3 is a block diagram of the control module 114 of the
heated inflation system 100 of FIG. 1 according to an embodi-
ment. The control module 114 can be implemented using a
combination of hardware and software. Software may be
embodied in a tangible non-transitory computer storage
medium, such as non-volatile memory, that configures one or
more processing circuits to execute a sequence of instruc-
tions. The control module 114 can include one or more appli-
cation specific circuits, field programmable circuits, and/or
programmable logic devices configured to perform the pro-
cesses as described herein.

In the example of FIG. 3, the control module 114 includes
a power controller 150, a heating element controller 152, a
temperature sensor interface 154, and a health monitor 156.
The power controller 150 is configured to receive power from
the power module 126 and provide power to the heating
element controller 152. The power controller 150 may also
provide local lower voltage power rails to run electronics
within the control module 114. The power controller 150 may
receive information from the power module 126 or be able to
determine a source of the input power 128 and whether power
is provided by the battery backup 130 of FIG. 1. For example,
there may be separate physical inputs that provide power
from an aircraft bus, ground power, and/or battery power, and
the power controller 150 can determine which input or inputs
are active. Depending upon which power source is active,
different monitoring thresholds can be applied to determine
health of the heated inflation system 100 of FIG. 1. Addition-
ally, the heating element controller 152 may use a lower
temperature set point value for activating the heating element
110 if operating in a reduced power mode, e.g., the battery
backup 130 of FIG. 1 is active.

The temperature sensor interface 154 receives a sensed
temperature from the temperature sensor 112 and provides
the sensed temperature to the heating element controller 152
and the health monitor 156. The temperature sensor interface
154 may apply an engineering unit conversion to the sensed
temperature to convert, for example, analog-to-digital con-
verter counts into a temperature value in degrees C. or degrees
F. The heating element controller 152 compares the sensed
temperature from the temperature sensor interface 154 and
determines whether the temperature of the gas mixture 104 of
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FIG. 1 is above or below a set point value. If the sensed
temperature is below the set point value, the heating element
controller 152 commands the heating element 110 to turn on,
allowing power from the power controller 150 to pass through
to the heating element 110. Ifthe sensed temperature is above
the set point value, the heating element controller 152 com-
mands the heating element 110 to turn off, preventing power
from the power controller 150 to pass through to the heating
element 110. There may be a threshold band of hysteresis
values applied to the set point value to prevent on/off cycling.
For instance if the set point is 77 degrees F. (25 degrees C.), a
+/-10 degree band may be applied. The heating element
controller 152 may also receive the reset input 124, and in
response thereto, reinitialize itself to a set of initial condi-
tions, e.g., reload set point and hysteresis values and clear
temporary variables.

The health monitor 156 may monitor a number of inputs to
determine if a fault condition exists. For example, the health
monitor 156 can monitor voltage and/or current from the
power module 126, an output of the heating element control-
ler 152 to the heating element 110, and the sensed tempera-
ture from the temperature sensor 112 as conditioned by the
temperature sensor interface 154. The health monitor 156
may also initiate built-in tests to check the health of moni-
tored elements. When a fault condition is detected by the
health monitor 156, such as a power fault, a heating element
fault, or atemperature sensor fault, the health monitor 156 can
output a fault indication on the visual indicator 122, e.g.,
activate a red light. A power fault may be a low power con-
dition where insufficient power is available to drive the heat-
ing element 110. A heating element fault may be a heating
element 110 open or heating element 110 shorted condition
including any part of the wiring/interface between the control
module 114 and the heating element 110. A temperature
sensor fault may be a temperature sensor 112 open or tem-
perature sensor 112 shorted condition including any part of
the wiring/interface between the control module 114 and the
temperature sensor 112.

The health monitor 156 can also be configured to detect if
the heating element 110 enters an uncontrolled heating mode,
such as reaching a maximum safe operating temperature. As
one example, the maximum safe operating temperature may
be about 150 degrees F. (65.56 degrees C.). Upon reaching the
maximum safe operating temperature, the health monitor 156
may command the power controller 150 to disconnect power
and thereby turn off the heating element 110. Reaching the
maximum safe operating temperature may also be indicated
as a fault on the visual indicator 122. Similar to the heating
element controller 152, the health monitor 156 may also
receive the reset input 124, and in response thereto, reinitial-
ize itself to a set of initial conditions, e.g., reload monitoring
parameters, clear temporary variables, and initiate built-in
tests. When the control module 114 is operational and all
built-in tests have successfully completed, the health monitor
156 may output a green light on the visual indicator 122 to
indicate a system ready/operable condition.

Although only individual instances of the power controller
150, heating element controller 152, temperature sensor
interface 154, and health monitor 156 are depicted in FIG. 3,
it will be understood that multiple instances of one or more of
the power controller 150, heating element controller 152,
temperature sensor interface 154, and health monitor 156 can
be implemented for redundancy, such as a duplex or triplex
system. Additionally, the power controller 150, heating ele-
ment controller 152, temperature sensor interface 154, and
health monitor 156 can be combined or further subdivided
within the scope of various embodiments.
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A method of using the control module 114 to control the
heated inflation system 100 of FIG. 1 includes sensing, by the
temperature sensor 112 coupled to the control module 114 of
the heated inflation system 100, a temperature of the gas
mixture 104 in the inflation cylinder 102 of the heated infla-
tion system 100 as a sensed temperature. The control module
114 compares the sensed temperature to a set point value and
may apply a hysteresis band to the set point value when
comparing the sensed temperature to the set point value. The
control module 114 turns on the heating element 110 based on
determining that the sensed temperature is below the set point
value, and the control module 114 turns off the heating ele-
ment 110 based on determining that the sensed temperature is
above the set point value. The control module 114 can receive
power from the power module 126 and determine whether the
power is provided by the battery backup 130. The power
controller 150 ofthe control module 114 can provide powerto
the heating element controller 152 of the control module 114
for the heating element 110. The temperature sensor interface
154 can provide the sensed temperature from the temperature
sensor 112 to the heating element controller 152. The health
monitor 156 of the control module 114 can determine
whether a fault indication is detected. The health monitor 156
controls the visual indicator 122 based on the fault indication.
The health monitor 156 may control the visual indicator 122
based on one or more of: a power fault, a heating element
fault, over pressurizing and a temperature sensor fault.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

The invention claimed is:

1. A heated inflation system for an inflatable device on an
aircraft, comprising:

an inflation cylinder that holds a gas mixture under pres-
sure;

a heating element that selectively heats the gas mixture;

a temperature sensor configured to that senses a tempera-
ture of the gas mixture, wherein the heating element and
the temperature sensor are internally disposed within the
inflation cylinder; and

a control module coupled to the heating element and the
temperature sensor, the control module regulates heat
applied by the heating element to the gas mixture based
on a sensed temperature from the temperature sensor,
wherein the heating element and the temperature sensor
are coupled to the control module through a port of the
inflation cylinder, and the inflation cylinder further com-
prises a regulator assembly at a first end of the inflation
cylinder and the port is located at a second end of the
inflation cylinder.

2. The heated inflation system of claim 1, wherein the
heating element and the temperature sensor are internally
disposed within a heating element assembly installed in the
port.

3. A heated inflation system for an inflatable device on an
aircraft, comprising:
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an inflation cylinder that holds a gas mixture under pres-
sure;

a heating element that selectively heats the gas mixture;

a temperature sensor that senses a temperature of the gas
mixture, wherein the heating element and the tempera-
ture sensor are internally disposed within a heating ele-
ment assembly installed in a port of the inflation cylin-
der, and insulation material is installed within the
heating element assembly between the heating element
and the temperature sensor; and

a control module coupled to the heating element and the
temperature sensor, wherein the control module regu-
lates heat applied by the heating element to the gas
mixture based on a sensed temperature from the tem-
perature sensor, and the heating element and the tem-
perature sensor are coupled to the control module
through the port of the inflation cylinder.

4. The heated inflation system of claim 1, further compris-
ing a visual indicator coupled to the control module, wherein
the control module determines a fault indication of the heated
inflation system and controls the visual indicator based on the
fault indication.

5. The heated inflation system of claim 1, further compris-
ing a power module that provides power to the control module
from one of: input power and a battery backup.

6. The heated inflation system of claim 1, wherein the
control module further comprises a heating element control-
ler that turns the heating element on and off based on com-
parison of the sensed temperature to a set point value includ-
ing a hysteresis band.

7. The heated inflation system of claim 6, wherein the
control module further comprises a power controller that
provides power to the heating element controller for the heat-
ing element, a temperature sensor interface that receives the
sensed temperature from the temperature sensor and provides
the sensed temperature to the heating element controller, and
a health monitor that controls a visual indicator based on one
or more of: a power fault, a heating element fault, and a
temperature sensor fault.

8. A method of controlling a heated inflation system for an
inflatable device on an aircraft, comprising:

sensing, by a temperature sensor coupled to a control mod-
ule of the heated inflation system, a temperature of a gas
mixture in an inflation cylinder of the heated inflation
system as a sensed temperature;

comparing, by the control module, the sensed temperature
to a set point value;

turning on, by the control module, a heating element based
on determining that the sensed temperature is below the
set point value, wherein the heating element selectively
heats the gas mixture;

turning off, by the control module, the heating element
based on determining that the sensed temperature is
above the set point value;

determining, by the control module, whether a fault indi-
cation is detected; and

controlling a visual indicator by the control module based
on the fault indication;

wherein the heating element and the temperature sensor are
internally disposed within the inflation cylinder and are
coupled to the control module through a port of the
inflation cylinder and wherein the inflation cylinder fur-
ther comprises a regulator assembly at a first end of the
inflation cylinder and the port is located at a second end
of the inflation cylinder.
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9. The method of claim 8, wherein the heating element and
the temperature sensor are internally disposed within a heat-
ing element assembly installed in the port.

10. The method of claim 9, wherein insulation material is
installed within the heating element assembly between the 5
heating element and the temperature sensor.

11. The method of claim 8, further comprising:

receiving power at the control module from a power mod-

ule; and

determining, by the control module, whether the power is 10

provided by a battery backup.

12. The method of claim 8, further comprising applying a
hysteresis band to the set point value when comparing the
sensed temperature to the set point value.

13. The method of claim 8, further comprising: 15

providing power to a heating element controller of the

control module for the heating element;

providing the sensed temperature to the heating element

controller; and

controlling the visual indicator by a health monitor of the 20

control module based on one or more of: a power fault,
a heating element fault, and a temperature sensor fault.
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